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612CKACH616 (Tang et al., Nature 2003) and endows BK channels with
catalytic properties (Yusifov et al., Biophys J 2710-Pos 2014). Alignment
of the BK Cytochrome-c-like domain and the human Cytochrome C
(CytC) sequences revealed that they share, in addition to the HRM, key
structural and functional elements. Notably, Met-80 in CytC, which is the
second axial ligand to the heme iron, aligns with BK Met-691. In fact, mu-
tation M691A dramatically reduced the Heme-dependent peroxidase activity
of the purified BK channel Gating Ring. We assessed the involvement M691
in the heme modulation of BK channel conducting properties by inside-out
patch clamp in WT and M691A channels expressed in Xenopus oocytes. The
Kþ current from WT BK channels was reduced by 61.6514.6% (140mV) in
100nM heme. On the contrary, under identical conditions, Kþ current was
reduced by only 13.252.23% in BK channels carrying the M691A muta-
tion. Moreover, the conductance half-activation potential (Vhalf) of WT
BK shifted from 81.253.03 to 12651.67mV after the addition of 100nM
heme. Conversely, in M691A channels, the Vhalf was largely unperturbed
by 100nM heme (from 98.254.13 to 10058.76mV). Thus, M691A essen-
tially eliminated the BK channel sensitivity to heme. These results reinforce
the view that a Cytochrome-c-like domain, which associates heme via
the HRM and a second axial ligand (Met-691) is an integral part of BK
channels.
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Carbon monoxide (CO) is a recognized gasotransmitter that regulates BK chan-
nel activity, causing vasodilatory effects. It is thought that CO interacts with the
intracellular portion of BK channels, which consists of the assembly of struc-
tural domains RCK1 and RCK2 into the ligand-sensing Gating Ring superstruc-
ture. Several mechanisms have been proposed to account for the BK/CO
interaction (Heinemann et al., Chem Commun 2014). We have tested the hy-
pothesis that CO interacts with BK channels via heme, which associates with
the RCK1-RCK2 linker region, previously described as the BK Cytochrome-
c-like domain (Yusifov et al., Biophysical J, 2709-Pos 2014). We investigated
the molecular interaction of CO with the purified human BK channel Gating
Ring using absorption spectroscopy: we found that the spectrum of the Gating
Ring complexed with the reduced form of heme [Fe(II) protoporphyrin-IX] was
significantly altered in the presence of CO and produced a Soret peak at 422 nm
and b/a bands at 538 and 574 nm, typical spectral characteristic of hemopro-
teins complexed with CO. Furthermore, CO-dependent conformational
changes were assessed using ANS (8-Anilino-1-naphthalenesulfonic acid) fluo-
rescence spectra of the Gating Ring/reduced heme complex in the presence of
increasing [CO]. The intensity of GR/ANS emission diminished in a [CO]-
dependent manner (K0.5¼5453.8nM), indicating less ANS association, and
therefore the occurrence of CO-dependent GR structural rearrangements. On
the contrary, when heme was substituted by protoporphyrin-IX, a heme analog
that lacks iron, CO addition did not alter ANS fluorescence. These results sug-
gest that, in BK channels, the Heme/Cytochrome-c-like domain complex acts
as a CO sensor, binding CO via heme and inducing a conformational change
to the BK channel Gating Ring at submicromolar [CO]. This structural transi-
tion likely represents one of the mechanisms underlying the CO-dependent
regulation of the human BK channel.
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High-conductance Ca(2þ)-and voltage-activated K(þ) (Slo1 or BK) channels
play key roles in many normal and pathophysiological processes, such as
sinoatrial node pacing, blood pressure regulation, neurotransmitter release,
autism, and epilepsy. The Slo1 channel can be divided into a trans-
membrane core module comprised of the pore gate domain (PGD) surrounded
by four voltage sensor (VS domains), and a large cytosolic domain (CTD)
which forms an intracellular gating ring. DHA (docosahexaenoic acid), pro-
tons, and DiBAC4(3) (bis-(1,3-dibutylbarbituric acid) trimethine oxonol)
can activate wt BK channels. Our construct of functional Slo1-core channelscomprised of the PGD and VS domains without the CTD provides a tool to
explore drug target domains of BK channels. In this study, we test the action
of DHA, protons, and DiBac4(3) on wt and Slo1-core channels using single-
channel and macro-patch recordings to measure channel activity before and
after application of activating agents. We found that both DHA and Di-
BAC4(3) activate Slo1-core channels. This was the case with or without
beta1 subunits. These results indicate that DHA and DiBAC4(3) do not
require the CTD to activate Slo1 channels. We also found that protons did
not activate Slo1-core channels, which directly shows that protons require
the CTD for their action, while having little or no direct action on the core
of the channel. Our results for DHA and protons are consistent with previous
studies using less direct experimental approaches. Our observation that Di-
BAC4(3) can activate core channels in the absence of the gating ring is a
novel. This study is a clear demonstration of the utility of the functional
Slo1-core constructs we have developed for locating the sites of action of
BK channel enhancers and modulators.
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By opening and closing a potassium-selective ion permeation pathway in
response to changes of transmembrane potential or intracellular Ca2þ concen-
tration, the BK-type potassium channels serve key roles in many important
physiological processes. To probe conformational changes associated with
gating, we engineered two Cd2þ coordination sites by cysteine substitution
of BK inner pore residues in the S6 inner helix. The first coordination site is
formed by A316C, a pore lining residue located deep inside the BK inner
pore region. Intracellularly applied Cd2þ binds to this site with modest
state-dependence, suggesting that the cytosolic entrance of BK channel does
not significantly occlude metal ion flow even in the closed state. The second
Cd2þ coordination site is formed by V319C, which is in the middle of the
YVP motif (equivalent to Kv PXP motif) near the cytosolic entrance of BK
channel. State-dependence of Cd2þ-V319C coordination is very weak, indi-
cating that the structure of this coordination site remains stable during BK
channel gating. More importantly, our results show that Cd2þ-V319C coordi-
nation involves a native glutamate (E321) from same subunit, which suggests
that the distance between the side chains of V319C and E321 is much shorter
than that observed in Kv channel structures. This result suggests that the
conserved proline in the YVP motif introduces a kink in BK S6 that is sharper
than that observed in Kv channel structures.
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GoSlo-SR-5-6 (GoSlo) is a novel BK channel agonist that shifts the activation
V1/2 of BK channels by >-100 mV when applied at a concentration of 10mM
concentration. Although the structure-activity relationships of the GoSlo-SR
channel agonists has been studied extensively [1], nothing is known about their
mode of action.
GoSlo was as effective on Slo1 a subunits as it was on BK channels from
the rabbit bladder smooth muscle and shifted V1/2 > 100 mV. Similarly,
GoSlo shifted activation V1/2 >-100 mV in truncated BK channels [2]. Its
effects were reduced >50% in the Slo1_9a splice variant [3] and in chi-
meras containing Slo1_9a S6 sequence. Of the three residues that differ
in S6 between Slo1 and Slo1_9a, only the S317R mutant reduced the effects
of GoSlo. We identified two other residues (L227A in S4/S5 linker and
I326A in S6) that, when mutated to alanine, also diminished the effects
of GoSlo significantly. A triple mutation (L227A:S317R:I326A) virtually
abolished the effects of GoSlo (DV1/2 -1554 mV, n¼11). To investigate
the mechanism of action of GoSlo, we used the HA allosteric model [4].
Our data suggests that SR-5-6 interacts with the transmembrane segment
of the channel to enhance pore opening by stabilising the open state
(L0~700 fold), activating the voltage sensors (J0~8 fold), but interestingly
reducing allosteric coupling between the voltage sensors and pore gate
(D) ~60%.
References:
1. Roy et al., (2012). ChemMedChem, 7(10). 1763-1769.
2. Budelli et al., (2013). PNAS 110 (41) 16657-16662.
Sunday, February 8, 2015 123a3. Gessner G et al., (2012). PNAS 109 (9) 3552-3557.
4. Horrigan FT & Aldrich RW. (2002). J Gen Physiol. 120(3):267-30TRP Channels I
613-Pos Board B393
A Mechanism for Detecting the Rate of Temperature Change in
Drosophila
Junjie Luo1,2, Wei L. Shen1, Craig Montell2.
1Johns Hopkins Medical Institution, Baltimore, MD, USA, 2Neuroscience
Research Institute, University of California, Santa Barbara, Santa Barbara,
CA, USA.
Temperature sensation is crucial for an animal’s growth and survival. In
addition to detecting actual temperatures, animals are also sensitive to the
rate of temperature change. Many animals exhibit a nociceptive response
only if the rate of temperature change is rapid. However, the molecular
mechanisms through which animals are able to sense the rate of temperature
change are unknown. To tackle this question, we focused on Drosophila
larvae. We built a Peltier-based temperature control system to precisely con-
trol the rate of temperature change and used customized programs to auto-
matically track and analyze larval rolling behaviors. We found that the
nociceptive behavior (rolling) was triggered by a high temperature change
rate, but not high temperatures themselves if the rate of temperature change
was low. To identify a candidate molecular sensor that might contribute to
sensing the rate of temperature change, we tested contributions of thermo-
sensitive Transient Receptor Potential channels (thermoTRPs), since these
channels play important roles in temperature sensation in organisms ranging
from worms to humans. We found that the TRPA1 and a subset of TRPA1-
expressing neurons in the larval brain are required for sensing the rate of
temperature change. We propose that larvae use the rate of temperature
change as an ‘‘alert’’ signal to trigger rolling behaviors, allowing a fast
escape from a deleterious thermal landscapes before the temperature rises
to dangerous levels.
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TRPA1 is an ion channel expressed on peripheral and spinal sensory neurons
and it mediates pain signal transmission. It functions as a cellular sensor for
detecting painful mechanical, biochemical and thermal stimuli that cause sen-
sory nerve hyperactivity during chronic pathologies including chronic pain,
inflammation, itch and cough. TRPA1 receptor is shown to induce pain hyper-
sensitivity in animal models of diabetic neuropathic pain and its blockade at-
tenuates pain hypersensitivity as well as later loss of the nerve fibers and their
function.
The Results show different methods of stimulating TRPA1 in high throughput
patch clamp experiments with the SyncroPatch 384PE.
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Transient receptor potential (TRP) channels are an important class of receptors
found widely distributed throughout the mammalian central and peripheral ner-
vous systems. They have been shown to be activated and regulated by a variety
of stimuli including temperature, mechano-stimulation and different kinds of
molecules, which mediate the sensation of taste, as well as divalent cations
and pH. Dysfunction of TRP channel can cause various pathological condi-
tions, including an inherited pain syndrome, multiple kidney diseases and skel-
etal disorders. Hence, TRP channel become potential targets for the treatment
of such disorders.
Patch clamp electrophysiology remains the gold standard for studying ion
channels. We have employed a planar patch clamp technology to study
the purified human TRPA1 channel (hTRPA1). Solvent-free planar lipid bi-
layers can be formed in an automated fashion by positioning and subsequent
bursting of giant unilamellar lipid vesicles containing ion channels, herehTRPA1, on the Port-a-Patch micron-sized apertures borosilicate glass
substrate.
In this study, the human TRPA1 was purified and reconstituted into lipid bila-
yers and single channel currents were recorded to understand the thermo- and
chemosensory properties of the channel together with the role of the N-terminal
ankyrin repeat domain (ARD). We report that hTRPA1with and without its N-
terminal ARD is intrinsically cold-sensitive, and thus cold sensing properties of
hTRPA1 reside outside the N-terminal ARD.
Furthermore, hTRPA1 is activated by a range of environmental irritants, pun-
gent compounds found in foods such as garlic, mustard and cinnamon, as well
as metabolites produced during oxidative stress. Data will be presented
showing activation and inhibition of the hTRPA1 channel reconstituted in bi-
layers as well as hTRPA1 expressed in HEK cells (Millipore), using the Syn-
croPatch 384PE planar patch clamp platform, by a variety of agonists and
antagonists.
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Inflammation of the trigeminal nerve is considered one of the most painful con-
ditions known to humankind. The diagnosis is often difficult moreover, safe
and effective pharmacological treatments are lacking.
Transient receptor potential (TRP) channels are a large family of non-selective
cation channels. Several TRP channel family members, including TRP cation
channel subfamily V member 1 (TRPV1), subfamily A member 1 (TRPA1)
and TRP channel melastatin 8 (TRPM8), are expressed in TG somatosensory
neurons, which also project within the oral and nasal cavities and are deputed
to detect a great deal of external stimuli, including pressure, temperature, and
chemicals.
In recent years many efforts have been dedicated to the discovery of better and
safer analgesics. However the medical need for this type of drugs remains sub-
stantially unmet. In particular, compounds capable of targeting both inflamma-
tory and neuropathic pain are lacking.
Thus, capitalizing on recent results [1] about the ability of the synthetic TRPA1
antagonist ADM_09 to revert oxaliplatin-induced neuropatic pain, and given
the evident role of TRP channels in TG-related pain, we report herein on the
synthesis of a new lipoic-containing antagonist namely ADM_12. This
water-soluble small molecule, structurally simpler and more stable than
ADM_09, showed: i) a remarkable safe profile; ii) a high binding constant
vs. TRPA1; iii) an intriguing behaviour vs. TRPV1 and iv) the ability to signif-
icantly and persistently reduce mechanical facial allodynia in rats. Noteworthy,
testing ADM_12 we shed light on the unprecedented involvement of both
TRPA1 and TRPV1 channels in orofacial pain.
[1] C. Nativi, R. Gualdani et al. (2013) Sci. Rep. 3, 2005, 1-10.
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Proteins such as ion channels generally involve specialized mechanisms for
optimal interaction with stimulus. Thermal TRP channels are molecular en-
tities in mammals for detection and transduction of temperature among other
pain-evoking stimuli. Sensitive detection of temperature by thermal TRP
channels is made possible by large enthalpy changes between closed and
open states of the channels. Thus, to understand the mechanism of their tem-
perature sensitivity and to properly identify the underlying molecular and
structural basis, it is important to have the capability to directly probe the en-
ergetics of temperature sensing by these channels. Unfortunately, direct mea-
surement of the energetics of the channels has not been possible; instead they
are inferred from functional measurements, typically based on the steepness of
temperature dependence of current responses. Since thermal TRP channels are
allosteric proteins and the gating convolves multiple steps, such measure-
ments are indirect and have limitations. In this work we tested the idea of us-
ing calorimetry to directly probe the energetics of thermal TRP channels.
Modern colorimeters have a sensitivity in the range of micro calories, and
our experiments suggest that the energetics of thermal TRP channels are
within this detectable range. Thus our results support the applicability of calo-
rimetry for direct detection of thermal transitions in thermal TRP channels,
